etween 1972 and 1990, we performed 168 primary low-friction arthroplasties in 125 patients with acetabular protrusion. Twelve hips were lost to follow-up within eight years and eight which became infected were excluded from the final study. Of the 148 hips remaining, 62 with a mild protrusion were classified as group 1, 54 with moderate or severe protrusion as group 2 and, after 1985, 32 with moderate and severe protrusion which required bone grafts as group 3. The mean follow-up was 18.3 years (3 to 24) for group 1, 17.4 years (8 to 22) for group 2 and ten years (8 to 13) for group 3.
Deficient bone stock in patients with acetabular protrusion compromises the fixation of the cup in total hip replacement. Reinforcement of the medial wall and placement of the prosthesis in the correct anatomical position, using cement alone, or with mesh or bone graft, have been advocated. [1] [2] [3] [4] [5] A thin medial wall may, however, suffer thermal necrosis during cement polymerisation resulting in further migration medially. [6] [7] [8] Since McCollum et al 4 first
recommended autologous bone graft to fill the medial defect in the acetabulum, several authors have used this technique. [1] [2] [3] 6, 9 We have analysed the long-term results of low-friction arthroplasty (LFA) in relation to the position of the cup in patients with acetabular protrusion, treated either with or without cancellous bone graft. A Cox proportional-hazards regression model was used to test a number of variables which may have influenced the rate of loosening of the cup and to assess their relative prognostic significance.
Patients and Methods
We reviewed all patients with acetabular protrusion treated with LFA between March 1982 and December 1990. A minimum time of eight years from the operation was required for inclusion in the study. Revisions for loosening were included regardless of the length of follow-up.
We performed 168 LFAs in 125 patients in this period; 12 hips in ten patients were excluded because they were lost to follow-up within eight years of operation, leaving 156 LFAs in 115 patients (47 men and 68 women). We also excluded eight hips from the follow-up study because of deep infection. The remaining 148 LFAs (107 patients) were assessed. A total of 15 patients had died after a mean of 15.7 years (10 to 20). All had been followed up until the time of death.
Protrusion was graded according to the criteria of SoteloGarza and Charnley. 5 The rim of the pelvis, taken as a projection of the upper margin of the pubic ramus, is used as a reference and the protrusion graded as follows: I, mild with the hips displaced from 1 to 5 mm; II, moderate with the hips displaced from 6 to 15 mm; and III, severe with the hips displaced more than 15 mm. Patients were classified into three groups. Group 1 consisted of patients (62 hips) with grade-I hips treated by simple LFA (n = 62) and group 2 of patients (54 hips) with grade-II and grade-III hips, treated by simple LFA. Since 1985 patients (32 hips) with grade-II and grade-III hips have been treated by LFA and spongious bone grafts; these constitute group 3. The age, weight, gender, grade of protrusion, diagnosis and period of follow-up until revision or the latest evaluation for each group are listed in Table I . Operative technique. All operations were carried out using the same technique with a lateral approach and trochanteric osteotomy. In difficult cases, the neck of the femur was divided and the head extracted in retrograde fashion. 5 The acetabulum was not deepened and a reamer was only used to assess the size of the acetabular component. No pilot hole was made. 5 The standard Charnley prosthesis was used comprising a hemispherical socket of ultra-highmolecular-weight polyethylene and a stainless-steel femoral stem with a 22.25 mm diameter head (Chas F Thackray, Leeds, UK). The polymethylmethacrylate cement used for fixation was radiopaque CMW1 (CMW Laboratories, Devon, UK). Cement was packed into the acetabular cavity using thumb pressure. Since 1985, we have used an Ogee flanged cup (Chas F Thackray) together with thin slices of cancellous bone from the autogenous femoral head, about 2 mm in thickness, taken with an oscillating saw after the hip has been dislocated. These slices were moulded against the medial wall 5,6 and combined with cement in moderate or severe acetabular protrusion. All patients were given antibiotic and antithrombotic prophylaxis. After surgery, they used crutches for eight weeks. Clinical assessment. All patients were examined immediately after operation, six months later, and then yearly.
Clinical evaluation included assessment of pain, function and range of movement according to the Merle D'Aubigné and Postel scale (levels 1 to 6). 10 Clinical failure was defined as revision of the acetabular component, the indication for revision, or pain of level 4 or worse. The number of hips assessed in each period of follow-up is shown in Table I . Radiological assessment. Standard anteroposterior (AP) radiographs of the pelvis were taken. The patient was positioned supine, with the feet together. The x-ray tube was placed over the symphysis pubis, 1 metre from, and perpendicular to the table. Variations in magnification were corrected using the diameter of the head of the femoral component as an internal reference. The acetabular angle was described as neutral (40° to 50°), horizontal (<40°), or vertical (>50°). 11 The distribution of cement around the socket was classified according to DeLee and Charnley.
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At follow-up each radiograph was analysed and compared with the previous views by the same observer (ADM) who was blinded to the operative findings. The postoperative position of the cup was determined according to Ranawat, Dorr and Inglis. 13 The true acetabular region (TAR) was the area enclosed by a rightangled triangle ( Fig. 1) with the height and width equal to 20% of the height of the pelvis on the AP radiograph. 13, 14 The inferomedial corner of the TAR was 5 mm lateral to the intersection of the Köhler line with the radiological teardrop ( Fig. 1) . In a normal hip the superior border of the triangle will pass through the upper part of the subchondral bone of the acetabulum. The hypotenuse of this triangle represents the diameter of the mouth of the acetabulum.
13
The mid-point of the hypotenuse coincides with the approximate centre of the femoral head (AFHC) and is the centre of rotation of the hip. 14 The AFHC was used as the reference point to measure distances between the centre of rotation of the normal hip and the centre of the prosthetic femoral head (CPFH). These distances were recorded for each hip. If the CPFH was initially positioned superior or lateral to the TAR, the cup was defined as being outside the TAR (Fig. 1 ).
Any radiolucent line at the cement-bone interface adjacent to the acetabular component, regardless of thickness, was classified according to the system of Hodgkinson, Shelley and Wroblewski 15 and Hodgkinson et al. 16 Twodimensional linear wear of the acetabular component was assessed as described by Livermore, Ilstrup and Morrey. 17 The radiological appearance of bone graft is difficult to interpret, and criteria for assessing its incorporation have yet to be standardised. 18 We subjectively determined the density of the graft compared with the iliac bone adjacent to the joint, the appearance of the graft-host junction, the presence of trabecular continuity between the graft and the acetabular bone, and any change in position of the cup. 9, 18 Any change in radiodensity within the graft was considered indicative of primary healing, a confluent area of radiolucency within the graft was equated with localised resorption of the graft, and stress-oriented trabeculae within the graft were judged as evidence of trabecular remodelling or secondary healing. 19 Resorption of less than one-third of the graft was considered as minor, between one-third and one-half of the graft as moderate, and more than one-half of the graft as major.
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Definition of failure. The acetabular component was considered to have migrated when there had been a change of more than 5° in the acetabular angle, more than 3 mm either in the height of the cup, as measured from the ipsilateral teardrop, or in the horizontal distance of the cup, measured from the centre of the femoral head to the Köhler line. 16 The acetabular component was considered to show definite loosening when the acetabular cup had migrated (type 4), probable loosening when there was a circumferential radiolucent line in the follow-up radiographs (type 3), and possible loosening when a radiolucent line appeared to occupy more than 50% (but less than 100%) of the contour of the cup (type 2). 15 Since the periods of evaluation for the groups were different, a Cox proportional-hazards regression model was done to assess the influence of various factors on the rate of loosening of the acetabular cup. A univariate analysis was applied to each variable together with the rate of loosening using Kaplan-Meier survivorship analysis. The results were compared with the Mantel-Cox test for qualitative data and the univariate regression Cox model for quantitative assessment. Additionally, a Cox proportional-hazards regression model was done for all variables showing a significance of p < 0.20 in the previous univariate study. The distance from the CPFH to the Köhler line, the distance from the CPFH to the AFHC, the position of the CPFH inside the TAR, age, gender, preoperative diagnosis, and grade of protrusion were the independent variables used to estimate the odds ratio of loosening of the cup. This procedure identifies those variables which most influence loosening. [23] [24] [25] An analysis of variance (ANOVA) was used to assess the mean distances between the CPFH and the AFHC in each group.
Results
Complications. Infection occurred in eight hips (5%) and these were excluded from the follow-up study; their preoperative diagnoses were rheumatoid arthritis in four, osteoarthritis in two, ankylosing spondylitis in one, and systemic lupus erythematosus in one.
In four hips the infections were 'late'. One, from group 3, developed major resorption of the bone graft and was diagnosed during a revision operation 40 months after the first procedure. Staphylococcus epidermidis was cultured from the surgical specimen. Other complications including pseudarthrosis of the trochanter in 15 hips, intraoperative fractures of the femur in five, and dislocation in four were successfully treated and the prostheses were retained in these patients. Operative details. The immediate postoperative position of the cup was assessed by determining the angle of the acetabular cup, the distance from the CPFH to the Köhler line, the distance from the CPFH to the AFHC, and whether the CPFH was outside the TAR in each group of hips ( Table II) .
The distance between the CPFH and the AFHC was not only less (by approximately 5 mm) in group 3 than in groups 1 and 2 (p < 0.05) but the range of distances was smaller (Fig. 2) . The CPFH was inside the TAR more frequently in group 3 than in groups 1 and 2 (p < 0.001). Clinical data and revisions. There were 31 revisions of the cup, 12 in group 1 (21 ± 10.79% at 20 years in the Kaplan-Meier analysis), 19 in group 2 (37 ± 11.90% at the same period of time), and none in group 3. There was a significant difference in the three groups (Mantel-Cox test, p = 0.0213). The difference for group 3 compared with groups 1 and 2 ( Fig. 3) was also significant (Mantel-Cox test, p = 0.0283). Revisions of the femoral stem were less common with nine occurring in group 1 and 16 in group 2, always associated with revised cups (McNemar symmetry test, p = 0.01). Clinical assessment before and after operation in all hips which were not revised, showed improvement at all levels in the three groups assessed (Table III) . Demarcation of the cement-bone interface gradually increased in 78 of the 148 hips (53%) by an amount which varied between the groups. In groups 1 and 2, radiological evidence of migration was seen in 17 of the 82 cups (21%) in which no demarcation had been detected on the initial postoperative radiograph. It was also evident in ten of the 24 cups with type-1 demarcation, all seven cups with type-2, and in all three cups with type-3 demarcation. It was uncommon in group 3 (Table IV ). All changes in demarcation were to a more severe type (McNemar test for symmetry, p < 0.00). Loosening of the cup was related to a depth of acetabular wear equal to or greater than 2 mm (Table V) for the entire series (p < 0.001).
The bone grafts were well incorporated in all group-3 hips. In the immediate postoperative radiographs the cancellous graft appeared less dense than the acetabular bone, but at follow-up the density was seen to increase in comparison with the acetabulum in all the hips after the third month. Trabecular continuity between the graft and the host bone was seen in DeLee and Charnley zones 1 and 3 after one year (Fig. 5) . Radiolucent lines were uncommon (Table  IV) Graphs showing the Kaplan-Meier cumulative probability of not having loosening of the cup for a) group 1 and b) group 2. The dotted lines indicate the 95% CI. Type 0  2 0  9  2  2  9  4 2  1  -5  4  2  5  1 6  2  ----3  3  3  ----1  1   Group 2  54  Type 0  1 4  1 1  6  1  8  4 0  1  --2  1  5  8  2  ----4  4  3  ----2  2   Group 3  32  Type 0  2 9  1  ---3 0  1  -1  ---1  2  --1  --1  3  -----0 or resorption of the graft at the latest follow-up. Statistical analysis. According to the univariate analysis, loosening of the cup was related to the distance between the CPFH and the AFHC (p = 0.0002), while the association between age (p = 0.06), the position of the CPFH lying outside the TAR (p = 0.1559), and the distance from the CPFH to the Köhler line (p = 0.2052) was almost as significant (Table VI) . The results suggested multiple regression analysis for the following variables; the position of the CPFH in the TAR (inside/outside), the distance from the CPFH to the Köhler line, age, and the distance from the CPFH to the AFHC. Multivariate analysis identified the distance from the CPFH to the AFHC as being associated with loosening (odds ratio 1.11, 95% CI 1.05 to 1.18/mm). Thus the risk of loosening is increased 1.11 times/mm by the distance from the CPFH to the AFHC. Since this distance in group 3 is approximately 5 mm less than that in groups 1 and 2, these latter groups have a greater risk for loosening; according to Christensen 23 that risk is increased 1.72 times (95% CI 1.61 to 1.82) (Table VII) .
Discussion
Severe acetabular protrusion jeopardises the success of fixation of the cup in THR, and early loosening has been reported. [26] [27] [28] As in most other series, rheumatoid arthritis was the usual condition to cause acetabular protrusion 1, 28 (79 in our series) and late infection, probably haematogenous, has been more common in these patients than in those with other diagnoses. [29] [30] [31] We saw eight infected hips Anteroposterior radiographs of a hip with acetabular protrusion in a 54-year-old woman, treated by an arthroplasty with cancellous autograft showing the hip a) before operation and b) three months after when the graft appeared less dense than the acetabular bone, and c) 12 months after the operation when density had increased in comparison with the acetabulum. The normal structure of cancellous bone is visible without resorption. and in four of these the onset of infection was late. Patients, physicians, and dentists must consider the need for antibiotics in the treatment of any infectious disease.
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Although Sotelo-Garza and Charnley 5 found no differences in the successful results using bone graft or cement alone, without correcting the deformity, Jasty and Harris 28 observed good results in mild protrusion, but poor longterm results in severe protrusion, when cement and wire mesh alone were used. Other series have associated loosening of the cup with inadequate restoration of the anatomical position. 1, 13, 29, 32 In our series, protrusion progressed in 18
of the 62 group-1 hips and in 19 of the 54 in group 2. There was no progression of the protrusion in any of the 32 hips in group 3. Better results after LFA were found in hips with moderate and severe protrusion corrected using cancellous graft than in those with mild protrusion using cement alone. In the group using spongious grafts, the distance from the CPFH to the AFHC was approximately 5 mm less than in hips in which a graft was not used, even in those with mild protrusion. Many factors may be responsible for loosening of the cup in acetabular protrusion. The thin medial wall of the protruded acetabulum is often osteoporotic, so that adequate fixation by cement is uncertain, even in mild protrusion. Cancellous bone graft can provide a biological buttress after incorporation and become a substantial acetabulum in which thermal necrosis and osteolysis, which may follow the exothermic curing of acrylic cement, is reduced. [6] [7] [8] Correction to the anatomical position using bone graft is easier in moderate and severe than in mild protrusion. Finite-element analysis of a protruded acetabulum has shown that stress on the medial wall varies directly with medial placement of the cup. 33 Most authors agree that it is crucial for good long-term results that protrusion be corrected to the anatomical position. 1, 13, 29, [33] [34] [35] Theoretically, the location of the centre of rotation of the hip affects the load and a higher and more medial position will result in greater loads than a lower placement. 36, 37 When the cup is inserted too medially and too high in moderate and severe protrusion the neck will impinge against the acetabular rim, an important factor in loosening, particularly when associated with a thick layer of cement. 13 Good results have been recorded after reconstruction with bone graft in patients with acetabular protrusion. 32, 34, 35 While resorption of graft has been described in areas of substantial weight-bearing, 20 it is not common when the graft has been used to reconstruct central bone defects in acetabular protrusion. Good results have been reported using a bulk graft to reconstruct acetabular protrusion, 4,32 but bulk grafts are at risk of mechanical weakening during the process of creeping substitution just at the time when a strong buttress is needed. 34, 38 Compacted bone grafting of the acetabulum with small fragments seems to be a better method because of the rapidity with which a new medial wall regenerates as soon as bone healing has taken place. Animal models and human biopsies have shown that even an allogeneic cancellous graft with cement is quickly incorporated into a new trabecular structure. [39] [40] [41] [42] Remodelling continues for at least a year after surgery. In some cases, the iliopectineal line returns almost to normal. The results in our series, and those of other authors, 3, 6, 32, 34, 35 show that the use of other implants to reinforce the acetabulum does not seem justified in primary acetabular protrusion, although they are useful in revision surgery. 42 Better results were obtained in hips with moderate and severe protrusion reconstructed with spongious bone grafting than in mildly affected hips reconstructed without bone grafting. Reconstruction with bone grafts enables anatomical positioning of the cup and can be recommended in hips with mild acetabular protrusion.
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